Oiticica is a feedstock with energetic potential for biofuel due to the presence of high oil content in its almond (54-60%). In this work, biodiesel from oiticica was produced by methyl transesterification using alkaline catalysts. Fatty acid methyl ester (FAME) obtained at 32 °C, with 1.5% of KOH and 2h of reaction time was higher (92%) than that with NaOH (85%). At the temperature of 50 °C, no difference between the catalysts was found, both resulting in a conversion of 91%. The best acid index was obtained with 1% of NaOH (0.40 mg KOH g -1 oil at 50 °C) and the best value of viscosity (9.61 mm 2 s -1 ) with 1.5% of KOH at 50 °C. Oiticica oil and biodiesels exhibited high viscosities due the predominance of unsaturated compounds. Thermogravimetric analysis demonstrated to be a feasible technique, when compared to chromatography, in terms of time of analysis, conversion of the esters, and reagent consumption. All the biodiesels presented an oxidation temperature of 90 °C via Pressure Differential Scanning Calorimetry (PDSC).
INTRODUCTION
The worldwide increase in the consumption of liquid fuels generated a growing demand for clean energy and economic feasibility. With the possible intensification of global warming and the goal of replacing fossil diesel by biofuels gradually, the need for energy security policies, including those in development in the field of agriculture, has grown substantially (La Salles et al., 2010; Tiosso et al., 2014). Among various renewable energy resources are sunlight, wind, and geothermal energy. In this context, bio-based fuels, such as biodiesel, bioethanol, and biogas represent great alternatives Currently, more than 95% of the biodiesel produced in the world comes from edible oils, which are easily available on a large scale from the agricultural industry. However, a growing and large-scale production of biodiesel from edible oils may cause a negative impact on the world, such as the depletion of food supply leading to economic imbalance (Dwivedi and Sharma, 2016a).
Biodiesel is a mixture of fatty acid methyl esters (FAMEs) usually derived from crude vegetable oils (triacylglycerol or triglycerides), which may also contain several non-edible compounds. These compounds need to be removed by a chemical or physical refining process before human consumption (Piloto-Rodríguez et al., 2014).
Due to its extensive geographic area, Brazil has an ideal environment for agriculture. This, associated to its weather and soil conditions, allow for the cultivation of a variety of raw materials favorable for biodiesel production. Among these materials, edible and non-edible oleaginous crops are included.
According to the Brazilian Statistical Yearbook of Petroleum, Natural Gas, and Biofuels (ANP, 2016), most of the biodiesel produced in Brazil comes from soybean oil (77%), followed by animal fats (19%), and cotton oil (2%). This high dependence on the cultivation of soy, along with the fact that soy is also destined for human nourishment, leads to an increase in the number of researches and incentives aiming at the biodiesel production from other oilseed crops (Rosa et al., 2014).
There are study records with fourteen different species of oilseeds, and more than twenty different types of oilseeds in Brazil. Silva (2011) reported that there are thirty oleaginous plants, which are not used widely for food that can be grown in different regions of Brazil with the purpose of oil extraction for biodiesel production.
The main raw materials (oilseeds) used for biodiesel production are: peanuts (Arachis hypogaea), canola (Brassica napus) Oiticica is originated from the Chrysobalanaceae family. It is a riparian species found in temporary watercourses of the Brazilian semi-arid Northeast. Oiticica is of great importance, both due to its environmental role of preserving the river banks and temporary streams in the Caatinga region, as well as to its suitability as an oil-producing species. This oilseed is promising for the semi-arid Northeast scenario and for other regions. It can be found in the watersheds of Piauí, Ceará, Paraíba, and beyond the state of Rio Grande do Norte Oiticica oil is applied also as bio-lubricant due to its chemical composition.
Few researches investigate the application of oiticica oil to biodiesel synthesis, motivating this study. Furthermore, oiticica presents a series of advantages. The almond contains high amounts of oil and is not an edible feedstock. Specific agronomic care is not demanded, and, thus, it can be cultivated in unproductive lands, together with other species or in between other crops. The sustainability of oiticica biodiesel production in the Brazilian semi-arid region can be achieved by stimulating small producers in the months of December to February, a period of shortage in the total income of farming families.
The evaluation of biofuels properties is necessary since different raw materials have different physicochemical values depending upon their fatty acid composition (Pelegrini et al., 2017). Commonly, the physicochemical properties most investigated are acid index, iodine value, saponification index, density, kinematic viscosity, and water content.
Among the methodologies available to identify chemical compounds present in vegetable oils, gas chromatography coupled with a mass spectrometer detector has been applied. The identification of the products is carried out using NIST (National Institute of Standards and Technology) Mass Spectral Library. For raw materials conventionally applied to biodiesel production, there is a wide database consolidated in the literature. For less-studied oilseeds, the NIST Mass Spectral Library becomes an advantageous tool to determine their compounds and validate them along with another technique, if necessary. Thermogravimetric Analysis (TGA) has been used widely in the evaluation of the thermal properties of several systems, including the characterization of thermal stability and thermooxidative phenomena of different types of vegetable oils used for biodiesel production. The present work focused on four primary goals. The first one was the characterization of oiticica oil by gas chromatography coupled with a mass spectrometer detector. This was carried out to determine fatty acid compounds with confidence, since literature is scarce, incomplete, and doubtful. The next goal is the report of a new set of experimental data for the synthesis of biodiesel from oiticica oil by methyl transesterification using homogeneous catalysts within a range of conditions. The studied variables were temperature, reaction time, and the action of two different catalysts. Then, the thermal decomposition of the oil, the conversion to esters (biodiesel) and thermal stability were evaluated by thermogravimetric analysis (TG/DTG) for the oiticica oil and biodiesels. Finally, the oxidative stability of the biodiesels was determined by PDSC (Pressure Differential Scanning Calorimetry).
MATERIALS AND METHODS

Source of oiticica seeds
Freshly harvested, mature and previously sundried seeds of Licania rigida Benth were collected in the city of Água Nova, in the state of Rio Grande do Norte, located in the Potiguar West, Northeast of Brazil. This region has a hot and dry climate throughout most of the year (Queiroga et al., 2014) and is characterized by scarcity of rain and harsh climate (Silva et al., 2012).
Oil extraction and characterization
Oiticica seeds were sundried during a period of 4 days, 8h each. Afterwards, they were placed in an air circulating oven (Marconi MA 035/5) for 8 h at 50 °C. The seeds were then submitted to a mini electric press (Ecirtec MPE 40) for the oil extraction. After the mechanical extraction, the oil was kept in a closed container for 24 -48h in a light-free environment. This was done to prevent photooxidation and to ensure sedimentation of the oiticica fine solid particles, which resulted from the pressing process. The extracted oil was then filtered and stored in amber glass bottles. The yield was evaluated based on the ratio between the mass of oil extracted and the mass of the seeds.
Derivatization of the oiticica oil was performed according to the methodology described by AOAC (1997). It was employed to determine the fatty acids content in the oil and fats. Conversion of the fatty acids present in the oiticica oil into methyl esters was carried out with the aid of the derivatizing agent, i.e., boron trifluoro methanol (BF 3 /MeOH, analytical grade from Sigma Aldrich). An amount of 250 mg of oiticica oil was mixed with 6 mL of 0.5 M NaOH/MeOH solution and submitted to agitation under reflux conditions for 10 min. The fatty acids were converted into methyl esters by the addition of 7 mL of BF 3 /MeOH under reflux of 2 min. Fatty acid methyl esters (FAMEs) were recovered by adding 5 mL of n-hexane under reflux of 1 min. All solvents used were of chromatographic grade (≥ 99%). Subsequently, 10 mL of saturated NaCl solution were added and the organic phase was separated. Humidity in the rich hexane phase was removed by the addition of c.a. 100 mg of Na 2 SO 4 anhydride. This was mixed, quickly, in a vortex shaker. The samples were then filtered (PTFE-45/25 0.45 µm), transferred to vials and stored in a freezer for two hours for chromatographic analysis.
Chromatographic analysis of the oil and biodiesel
The composition of the fatty acids present in the Licania rigida oil was obtained using a Shimadzu gas chromatograph (model GC-2010) coupled with a mass spectrometer detector (GCMS-QP2010 plus), equipped with a Rxi-5HT fused-silica capillary column (diphenyl dimethyl polysiloxane, 30m x 0.25mm x 0.10μm).
Samples of 1 μL were injected in a 1:50 ratio and in splitless mode. The interface and ion source temperatures were 280 °C and 200 °C, respectively.
The temperature of the injector was 250 °C. Helium at 3 mL min -1 was the carrier gas. The column starting temperature was 110 °C, remaining for 5 min in this condition. Later, the temperature was increased at a constant heating rate of 5 °C min -1 up to 230 °C, remaining at this temperature for 8 min. Then, the temperature was raised to 270 °C in a heating rate of 20 °C min -1 , remaining at this temperature for 10 min. The total analysis time was 49 minutes.
Identification of the compounds present in the oil and oiticica biodiesel was accomplished by comparing the resulting spectrums with a mixture of chemical standards (FAME mix C8 -C24, 100 mg, neat). This standard was provided from Supelco by Sigma Aldrich. It included the FAME derived from the many components of the oiticica oil, containing carbon chains ranging from C16:0 to C18:3, as well as the mass spectra of standards in the software library (Mass Spectral Database, NIST/EPA/NIH).
FAMEs
were prepared following the methodology described by EN 14103 (CEN, 2003) . Basically, 100 mg of oiticica biodiesel were accurately weighed (±0.01 mg) into a volumetric flask (10 mL) and completed with n-hexane (chromatographic grade, ≥ 99%). Then, 200 µL of this solution were transferred to a second volumetric flask (1 mL), where 50 µL of the methyl heptadecanoate internal standard solution (99% neat, of Sigma Aldrich) were added. The remaining volume was completed with n-hexane. Finally, samples were transferred to vials using a suitable syringe filter (PTFE-45/25; 0.45 µm) and taken to chromatographic analysis.
Synthesis of biodiesel
The methodology of biodiesel synthesis from oiticica was partially developed by the authors. The reaction conditions used were based on the preliminary experiments. Biodiesels were synthesized by methyl transesterification using homogeneous base catalysts (NaOH and KOH) under previously evaluated reaction conditions. Reactions occurred at 50 °C, with 1.0 and 1.5 wt.% catalysts in relation to the mass of oil, oil/alcohol molar ratio of 1:9 and reaction times of 1 h and 2 h. At 32 °C, a reaction with 1.5 wt.% catalyst was also performed. In this study, the temperature of 32° C was used based on the work of Macedo et al. (2011). The catalyst was dissolved in methanol and mixed with the preheated oil at the defined reaction temperatures (32 and 50 °C). At the end of the reaction, the remaining mixture of esters (biodiesel), glycerine, catalyst and alcohol was taken to a separation funnel, remaining there for 12h to complete phase separation between the FAME and the glycerol. After that time, successive washing steps were performed with warm distilled water (50 -65 °C) until reaching a neutral pH (7). While the wash water was white in color, an indication of catalyst presence, the pH of the ester phase was still alkaline. This check was monitored with the aid of a pH indicator paper. At pH 7, the system presented no color. This was followed by oven drying at 105 °C for a period of 3 -5 h, and cooling in a desiccator for 2 h. Finally, the purified biodiesel was weighed in an analytical balance (Shimadzu AUW220).
The reaction yield was calculated from the transesterification stoichiometry, considering the initial mass of the oil and the mass of the biodiesel obtained in the synthesis reaction. The average molar mass of the oil and biodiesel were determined from the composition of methyl esters obtained in the gas chromatography with mass spectrometry, considering the proportion of 1 mol of oil to 3 mols of esters.
Physicochemical properties
The physicochemical properties of the oil and biodiesel samples were evaluated in accordance with the normative methods of the Brazilian Association of Technical Standards (ABNT), the standards of the American Society of Testing and Materials (ASTM) and the European Committee for Standardization (CEN), as established by Resolution 45/2014 (ANP, 2014) of the Brazilian National Agency of Petroleum, Natural Gas, and Biofuels (ANP).
The specific masses at 20 °C of the oil and biodiesels were analyzed using digital densimeters (Anton Paar DMA 4500M and Rudolph Research Analytical DDM 2911), following the method described in ABNT NBR 14065 (ABNT, 2013).
The rheological behavior of the oil was evaluated by a R/S Brookfield Rheometer in the temperature range of 20 to 75 °C. The biodiesels were analyzed by an Anton Paar SVM 3000 Stabinger Viscometer at 40 °C. Kinematic viscosity values at 40 °C were determined according to the method ABNT NBR 15983 (ABNT, 2012).
The acid index values of the oil and the biodiesel and the saponification and iodine indexes of the oil were determined in accordance with the methodologies described by Moretto and Alves (1986).
The water content in the oil and biodiesel was determined by a Mettler-Toledo Karl-Fischer Coulometer (model DL39) using the standard ASTM D 6304 (ASTM, 2007).
Thermogravimetric analysis of oil and biodiesel (TG/DTG)
Thermogravimetric analyses were carried out using a thermobalance (Shimadzu DTG-60), in the temperature range of 50 -600 °C, under a nitrogen atmosphere flowing at a rate of 50 mL min -1 , using an alumina crucible (50 µL) and in a heating rate of 10 °C min -1
. The masses of the samples were 7.5 -9.5 mg.
Conversion of biodiesel was determined by thermogravimetric analysis and expressed in terms of the mass percentage of fatty acid methyl esters formed.
Pressurized differential scanning calorimetry (PDSC)
The PDSC curves were obtained through a differential scanning calorimeter coupled to a pressure cell -DSC 204 Phoenix (NETZSCH) -under dynamic conditions, using an aluminum crucible, in an atmosphere of oxygen, at a pressure of 7000 kPa, temperature from 50 to 250 °C, and heating rate of 10 °C min -1 .
RESULTS AND DISCUSSION
Oil extraction
The maximum oil yield (44.2%) was achieved from seeds which were harvested four months prior to the experiment, and were properly stored. The lowest oil yield (6.5%) was obtained from 12-month old seeds, as shown in Table 1 . It is noteworthy that oil content in these oleaginous almonds decreases gradually over time after falling of the fruits. For 3-month old oilseeds, the oil yield was lower than those obtained from the 4-month old ones, due to the presence of larvae (Peonea sp.) and weevils (Conotrachelus sp.). It was observed that the presence of these organisms provokes the decomposition of the almonds, reducing the amount of oil yield extracted. Commonly, in the first crop, between November and December, many oilseeds may be vulnerable to pests, although the oiticica is highly resistant to adverse conditions. The results presented were: 61.10% for fruits harvested and stored for 7 days, 56.83% for those stored for 30 days, and 17.75% for 365 days. Therefore, the variability in oil content depends on the degree of maturation of the oiticica fruits during the period from December to March.
The extraction efficiency was evaluated in relation to the average value of the oil content present in the oiticica seed of mature fruits, and it was determined to be 57% according to Table 1 shows that satisfactory efficiency was obtained for seeds stored for 4 months (77.5%), demonstrating a loss of more than 20% in the mechanical extraction. However, for storage times higher than 4 months, the loss was significantly higher, indicating that to have a better yield for the oiticica, processing should be performed as soon as possible after harvesting and drying the seeds.
In comparison to the oil yields of other oilseeds used to produce biodiesel, the values referring to oiticica oil extraction are higher than those reported in the literature (Arruda et al., 2016) . Cotton presents an average oil extraction of 30%, soybean of 15%, and sesame of 35 to 63%, which is close to the yield range of oiticica oil. It is important to emphasize that the oil yield for oiticica tends to be higher because its almond is much bigger and richer in oil content than the sesame seed. Nevertheless, mechanical compression produces a more significant loss in the oiticica bagasse due to its larger size.
Characterization of oiticica oil
Chromatographic analysis of the oil by derivatization technique evidenced the conversion of the fatty acids present in the oiticica oil into methyl esters. Table 2 lists the composition of the fatty acids found in the oiticica oil, where a conversion of 97.3% was observed.
Pinto (1963) referenced the composition of oiticica oil reported by other researchers, emphasizing among its fatty acids the licanic (70-80%), the linolenic (10-12%), and small amounts of palmitic, oleic, and stearic. The presence of eleostearic acid was assumed by several investigators, but without quantitative evidence. However, Kaufmann and Sud (1960) reported a study of the fatty acid composition of several conjugated oils, including oiticica, by FTIR (Fourier Transform Infrared Spectroscopy) and paper chromatographic analysis, where they identified α-eleos ear (14%), α-licanic (58%), and oleic (18.1%) unsaturated fatty acids, as well as unspecified saturated fatty acids (9.9%). Decades later, these compositions were confirmed by Bergter and Seidl (1984) through nuclear magnetic resonance (NMR) and gas-liquid chromatography (GLC). Güner et al.
(2006) emphasized also the presence of the following fatty acids in the oiticica oil: palmitic (6%), stearic (4%), oleic (8%), linoleic (8%), and licanic (74%). However, these researchers did not mention the presence of α-eleostearic acid.
In the study carried out by Bergter and Seidl (1984), they claimed that oiticica oil is composed by the fatty acids: licanic (4-oxo-cis, trans, trans-9,11,13-octadecatrienoic), α-eleostearic (cis, trans, trans-9,11,13-octadecatrienoic), palmitic, stearic, oleic, and linoleic. The analysis was conducted by gas liquid chromatography (GLC) and proved through a complete assignment of the carbon-13 spectrum of oiticica oil by nuclear magnetic resonance (NMR). They interpreted the chemical shifts in conjugated systems, emphasizing that the Carbon-13 NMR spectrum of the licanic acid had not been interpreted before and that the keto group in the 4-position allowed for a comparison with the spe ra from α-eleos ear , β-licanic (4-oxo-trans, trans, trans-9,11,13-octadecatrienoic) a d β-eleostearic (trans, trans, trans-9,11,13-octadecatrienoic) acids. These researchers further emphasized that the complete assignment of olefinic carbons was possible. Thus indicating that considerations based on steric effects must be treated with appropriate care. The oil composition obtained by them was: C16:0 -6.8%; C18:0, C18:1, C18:2 -22.6%; C18:3 (conj) -15.1%; C18:3 (oxo, conj) -55.4%.
In this work, the composition of the oiticica oil was determined by GC-MS and the results were consistent with those obtained by Bergter and Seidl (1984). Even though the spectrum of licanic acid methyl ester is not available in the MS database (NIST/EPA/NIH), it was the major component in all the samples analyzed. Therefore, in accordance with the values found by the literature, licanic presence can be affirmed. The α-eleostearic spectrum, on the other hand, is part of the mass spectrometer library, which allows the peaks to be identified based on molecular weight and spectrum similarity. The molecular weight of the α-eleostearic acid is slightly lower than that of the licanic. This difference is seen only in the keto group, as it may be observed in Table 2 . Therefore, the α-eleostearic acid peak must precede the peak of the major component (licanic acid), as it was evidenced in all chromatograms analyzed, eliminating the identification problem of these two main acid components in the oiticica oil samples.
Based on the results shown in Table 2 , 83.1% of the oil is composed of unsaturated fatty acids and 14.2% by saturated. The predominance of unsaturated acids, especially of licanic acid, is highlighted.
Therefore, the high content of polyunsaturates makes the oiticica oil more susceptible to oxidation, due to the number and position of its double bonds. In addition to oxidation, polymerization occurs due to the presence of double bonds to form higher molecular weight products, resulting in a more viscous biodiesel, as pointed out by Issariyakul and Dalai (2013). Knothe et al. (2005b) reported that the bisallylic positions are even more susceptible to oxidation than the allylic ones. The physicochemical properties of the oiticica oil were determined in triplicate and the average values are reported in Table 3 . The results are also compared with the data available in the literature. It can be observed that the values obtained are, in general, similar to those reported by the other researchers. Specific mass and kinematic viscosity measurements are slightly higher than the values found in the literature, 1 and 5 %, respectively. Furthermore, the difference in viscosity between the source oil and its alkyl ester derivative can be used to monitor biodiesel production, according to the literature ( On the other hand, the iodine content observed in this study was lower than in other researches. The iodine content indicates the level of oil unsaturation.
Other indicatives are the susceptibility of the oil to oxidation, the polymerization and the formation of deposits in the engine. Table 3 . The iodine index of the oiticica oil was lower than 115, which is the value recommended by the literature (Pelegrini et al., 2017) . Knothe et al. (2005b) emphasized that the European standards EN 14214 and EN 14213 report values of 120 and 130, respectively. Thus, the iodine value found for oiticica oil evidences its potential for biodiesel production.
Melo et al. (2014) and Macedo et al. (2011)
reported higher acid index values for oiticica oil (Table 3) . They used refined oil from Resibras S/A Company (Ceará, Northeast Brazil) in 2009. Because of the time of storage, a pre-treatment (esterification) before alkaline methanolic synthesis (transesterification) was necessary to obtain lower acid level. In this work, crude oiticica oil was used without any prior treatment since acid index was satisfactorily low.
The saponification index varies with the nature of the fatty acids that comprise the triacylglycerols. The lower average molecular weight of these compounds, the higher the saponification index (Moretto and Alves, 1986; Araújo et al., 2014). Table 3 shows that there was no significant difference between the saponification indices observed in this study and those pointed out by other researchers.
The best reaction yields were obtained with the KOH catalyst, both at 1 and 1.5%, in mass basis. Biodiesels with 1% of catalyst presented 77.1% (NaOH) and 81.7% (KOH). Those with 1.5% of NaOH resulted in yields of 55.1% (at 32 °C) and 58.6% (at 50 °C), while 1.5% of KOH resulted in 73.8% (at 32 °C) and 68.8% (at 50 °C). Table 4 reports experimental values for the characterization of the oiticica biodiesels in terms of physicochemical properties. The acid indices of biodiesel were slightly above the limit specified by the ANP (2014). The transesterification reaction employing 1% NaOH catalyst, and conducted at 50 °C, presented an acid index below this limit.
All values of specific mass and viscosity were higher than the intervals established by the current resolutions. Nevertheless, all viscosity results for the catalyst at 1.5% were equivalent among them and somewhat lower than the values with 1% of catalyst. The viscosity of biodiesel increases with an increase in the carbon chain length, the degree of saturation of the fatty acid and its ester, and, finally, with the presence of free fatty acids ( to oxidation is the presence of water, according to Knothe et al. (2005b) , since biodiesel is also potentially susceptible to hydrolytic degradation. Table 4 shows that all samples presented relatively high water contents. However, it is noted that the biodiesel produced with NaOH as the catalyst had 50% less water content. Nevertheless, both oil and biodiesel presented a Newtonian behavior. A linear relationship between shear stress and shear rate was observed, leading to a viscosity independent from the shear stress, see Fig. 1 . In a study carried out by Conceição et al. (2005), it is affirmed that the same behavior was observed in mineral diesel oil, resembling that of the oiticica oil and biodiesel.
Thermal analysis has the advantage of being faster and less expensive when compared to chromatography, provided that it is used to verify the conversion and not specifically the composition of the esters. However, it is possible to determine the decomposition temperatures of many vegetable oils and biodiesels by combining it with other techniques, such as chromatographic analysis. 32 °C using KOH; (c) 50 °C using KOH; (d) 50 °C using NaOH; and (e) Curve TG/DTG oiticica oil.
Silva et al. (2016).
The best result observed was for condition b, which achieved 92% of conversion, using KOH as catalyst at 32 °C and a reaction time of 2 h. The other reactions also resulted in relatively high conversions: 90.8% (NaOH) and 90.9% (KOH) at 50 °C. The lower conversion (85%) was observed in condition a: 1.5% of NaOH at 32°C.
Based on Fig. 2 , one can observe that every reaction of the oiticica biodiesel occurred in more than one step. The TG/DTG curves of the oiticica biodiesels, under an inert nitrogen atmosphere in the four different synthesis conditions studied showed degradation in three steps. For all curves, the first event occurred at a temperature higher than 100 °C. It is possible to conclude that this step does not refer to an eventual loss of the water present in the samples, but can be associated with the volatilization of methyl esters, which are lighter in terms of molecular weight. The second and third events are assigned to the volatilization of the other esters, which have higher molecular weights. These two last steps are a result of the not fully transesterified unsaturated fatty acids, possibly the licanic acid, since it is the major constituent of oiticica oil. Several authors emphasize that the formation of high molecular weight compounds may change the TG/DTG profiles of the biodiesel, which could present different steps of mass loss relative to the decomposition and/or volatilization of methyl esters and of oxidation products (Zhou et  al., 2017b) . The thermal behavior of oiticica oil (Fig.  2e) showed that the degradation of the sample occurred in a single step, marking the decomposition and/or volatilization of the fatty compounds, starting at 240 °C and ending at 495 °C. The observed degradation behavior is similar to the one observed for castor oil in the temperature range of 230 -573 °C, as presented by Table 5 shows the thermal behavior in three steps and the mass losses for each reaction system to biodiesel and one step to oiticica oil sample.
Pressurized differential scanning calorimetry (PDSC)
The analysis of the oxidative stability of the biodiesels by PDSC indicated that the onset Table 5 . TG data of the oiticica oil and biodiesel samples in inert atmosphere (N 2 ).
Sample
Step Temperature range (°C) T max (°C) Mass loss (%) Residual mass (%) oxidation temperatures for all reactions were around 90 °C, regardless of the catalyst used, see Fig. 3 . There was almost no difference between the curves since the same oil was used for all reactions.
However, these values of dynamic PDSC curves for the oiticica biodiesels presented onset temperatures lower than the biodiesels of: jatropha (120 °C) reported by Freire et al., (2012), and cotton (158.2 °C) and sunflower (154.2 °C) presented by Galvão et al., (2011). Several factors can explain the low values observed for the oiticica biodiesels, i.e., the number of double bonds, the existence of allylic and bis-allylic hydrogens and esters with large amounts of unsaturated fatty acids, once these are much more susceptible to oxidation (Freire et al., 2012 ).
CONCLUSIONS
From this work with oiticica oil and biodiesel, one can be notice that even the oil formed mainly of unsaturated fatty acids presented results that can be considered satisfactory. Even though the biodiesel had high density and viscosity, a Newtonian fluid behavior was observed. This is a positive aspect, but it does not mean that biodiesel from oiticica is promising to be used in engines in the form of B100. The synthesis using NaOH and KOH as basic catalysts demonstrated to be satisfactory in terms of reaction yield and conversion to esters. NaOH catalyst (1 %, at 50 °C) was more favorable in terms of acid index of the resulting biodiesel. Thermogravimetric analysis showed that it is a feasible technique to obtain a faster response. It has advantages over the chromatography in relation to the cost, the time of analysis, and the amount of sample used. The PDSC analysis for biodiesel showed that there was no influence of the catalysts employed, indicating that the initial oxidation temperature for all the studied conditions was the same (90 °C). Chemical Engineering Department and Institute of Chemistry at UFRN, for providing the structure and processing the analyses. The financial support provided by CAPES (Coordenação de Aperfeiçoamento de Pessoal de Nível Superior), ANP (Agência Nacional do Petróleo, Gás Natural e Biocombustíveis), and Petrobras is gratefully acknowledged. 
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